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Due to the ever‐increasing global energy crisis and severe environmental pollution caused by the excessive consumption of traditional fossil fuel, it is indubitably paramount to explore eco‐friendly and sustainable energy sources. Molecular hydrogen (H~2~) has long been recognized as an ideal renewable energy carrier thanks to its high gravimetric energy density (≈142 MJ kg^−1^), superior utilization efficiency, and eco‐friendly nature.[1](#advs1470-bib-0001){ref-type="ref"}, [2](#advs1470-bib-0002){ref-type="ref"}, [3](#advs1470-bib-0003){ref-type="ref"} Electrochemical water splitting represents one of the most attractive and competitive technologies for the realization of sustainable hydrogen production because of its zero‐carbon emission advantage.[4](#advs1470-bib-0004){ref-type="ref"}, [5](#advs1470-bib-0005){ref-type="ref"}, [6](#advs1470-bib-0006){ref-type="ref"}, [7](#advs1470-bib-0007){ref-type="ref"} The water electrolysis involves two half reactions, hydrogen evolution reaction (HER) at cathode and oxygen evolution reaction (OER) at anode, both of which require high‐efficiency electrocatalysts to lower down the reaction overpotentials and thus expedite the reaction kinetics.[8](#advs1470-bib-0008){ref-type="ref"}, [9](#advs1470-bib-0009){ref-type="ref"} To date, Pt and Ir/Ru oxides are acknowledged as the state‐of‐the‐art electrocatalysts for the HER and the OER, respectively. However, the extreme scarcity, high cost, and inferior stability of these precious metals severely impeded the prevailing commercialization of water splitting devices.[10](#advs1470-bib-0010){ref-type="ref"}, [11](#advs1470-bib-0011){ref-type="ref"}, [12](#advs1470-bib-0012){ref-type="ref"} Therefore, the exploitation of nonprecious alternative electrocatalysts with cost effectiveness, high activity, and long‐term stability becomes greatly imperative. Particularly, the development of efficient bifunctional electrocatalysts that are capable of catalyzing both HER and OER simultaneously in the same electrolyte is extremely desired for the purpose of simplification of electrochemical system and reduction of production cost.

Accordingly, considerable research interests have been paid to searching efficient bifunctional electrocatalysts based on earth‐abundance 3d transition metal (TM = Fe, Co, Ni, and Mn, etc.) nanomaterials and their diverse derivatives, including multicomponent alloys,[13](#advs1470-bib-0013){ref-type="ref"}, [14](#advs1470-bib-0014){ref-type="ref"} chalcogenides,[15](#advs1470-bib-0015){ref-type="ref"}, [16](#advs1470-bib-0016){ref-type="ref"} carbides,[17](#advs1470-bib-0017){ref-type="ref"}, [18](#advs1470-bib-0018){ref-type="ref"} phosphides,[19](#advs1470-bib-0019){ref-type="ref"}, [20](#advs1470-bib-0020){ref-type="ref"} oxides/hydroxides,[21](#advs1470-bib-0021){ref-type="ref"}, [22](#advs1470-bib-0022){ref-type="ref"} nitrides,[23](#advs1470-bib-0023){ref-type="ref"}, [24](#advs1470-bib-0024){ref-type="ref"} and so on. Among these promising alternatives, Ni‐based alloys have garnered enormous attention due to the good corrosion resistance, high electrical conductivity, and suitable d‐electron configuration.[25](#advs1470-bib-0025){ref-type="ref"}, [26](#advs1470-bib-0026){ref-type="ref"}, [27](#advs1470-bib-0027){ref-type="ref"} Unfortunately, their electrocatalytic activity is still inferior to benchmark noble‐metal‐based catalysts and the stability needs to be further improved for the long‐term operation. One of the effective strategies to boost the electrocatalytic activity is to tune the catalyst\'s composition through the incorporation of second foreign atoms, modulating the electronic structure of the electrocatalytically active center and thus accelerating the activation of reactants.[28](#advs1470-bib-0028){ref-type="ref"}, [29](#advs1470-bib-0029){ref-type="ref"} On the other hand, immobilizing Ni‐based alloys onto conductive N‐doped nanocarbon can effectively increase the overall conductivity, protect the TMs from chemical corrosion, and suppress the aggregation/detachment of active species due to the confinement effect.[30](#advs1470-bib-0030){ref-type="ref"}, [31](#advs1470-bib-0031){ref-type="ref"}, [32](#advs1470-bib-0032){ref-type="ref"} Moreover, the coupling synergistic effect between the active sites and carbon support also contributes to enhancement of electrocatalytic activity. Considering the hierarchical branched architectures, especially the 1D/1D subunit coupled structures, can greatly enlarge the exposure of active sites and favor the mass diffusion/charge transport during the electrocatalytic reactions, and direct immobilization of Ni‐based alloys onto 1D/1D constructed hierarchical branched carbon substrate would be a reliable approach to overcome the shortcomings of insufficient activity and poor stability of Ni‐based catalysts for water electrolysis.[33](#advs1470-bib-0033){ref-type="ref"}, [34](#advs1470-bib-0034){ref-type="ref"}, [35](#advs1470-bib-0035){ref-type="ref"} For the construction of 1D/1D coupled hierarchical architecture, in situ growth of radial "branches" on axial "trunk" support could significantly strengthen the connectivity of the "branches" and the "trunk" support, thus greatly enhancing the mechanical robustness. Additionally, the seamless contact between the "branches" and the "trunk" substrate dramatically reduces the charge transfer resistance, forming good conductive networks. Therefore, in situ growth of "branches" on "trunk" support can remarkably enhance the reaction kinetics and catalyst\'s stability. However, it remains grand challenging so far to develop a facile and efficient synthetic approach to achieve the firm immobilization of Ni‐based alloy nanoparticles onto hierarchical branched carbon substrate as a bifunctional electrocatalyst for overall water splitting.

Motivated by the above considerations, we herein developed a simple and scalable electrospinning--pyrolysis strategy to directly immobilize uniform Ni~3~Co alloy nanoparticles onto in situ formed N‐doped carbon‐nanotube‐grafted carbon nanofibers (Ni~1.5~Co~0.5~ @ N‐C NT/NFs). The rational integration of Ni~3~Co nanoparticles, N‐doped CNTs, and N‐doped CNFs into hierarchical branched architectures renders the formed hybrid catalyst with abundant well‐dispersed accessible active sites, efficient electron transfer paths, facilitated mass diffusion, and reinforced mechanical strength. All these advantageous features synergistically contribute to the enhancement of both HER and OER activities in alkaline medium. The optimized Ni~1.5~Co~0.5~ @ N‐C NT/NFs catalyst delivers a current density of 10 mA cm^−2^ at overpotentials of 114 and 243 mV for HER and OER, respectively. What is more, when assembled into a two‐electrode alkaline electrolyzer for overall water splitting, it also shows a low potential requirement (1.57 V at 10 mA cm^−2^) and remarkable stability (at least 27 h), surpassing most of the previously reported nonprecious metal bifunctional catalysts and demonstrating potential applications in practical large‐scale H~2~ production.

As schematically illustrated in **Figure** [**1**](#advs1470-fig-0001){ref-type="fig"}, the hierarchical structured Ni~1.5~Co~0.5~ @ N‐C NT/NFs were fabricated through a scalable electrospinning technique, followed by pyrolysis under a reducing atmosphere. In brief, a homogenous *N*,*N*‐dimethylformamide solution containing 1.5 mmol of Ni(NO~3~)~2~, 0.5 mmol of Co(NO~3~)~2~, and poly(vinylpyrrolidone) (PVP) was first electrospun into light‐pink fibrous membrane. During the electrospinning process, Ni^2+^ and Co^2+^ can be uniformly distributed within the PVP nanofibers to form Ni^2+^/Co^2+^/PVP composite nanofibers. Scanning electron microscopy (SEM) images (Figure S1, Supporting Information) indicate that the as‐spun Ni^2+^/Co^2+^/PVP fibrous membrane is composed of uniform and smooth nanofibers, which are randomly aligned and interconnected with each other to form continuous fiber networks. The average diameter of these nanofibers is identified to be ≈300 nm and the length is up to dozens of micrometers. After stabilization at 200 °C in air, the resultant nanofibers were further pyrolyzed at 700 °C in an Ar/H~2~ atmosphere. When annealed in such strongly reducing atmosphere, the PVP nanofibers were transformed into N‐doped carbon nanofibers, accompanied by the reduction of metal ions into nanosized metallic Ni~3~Co nanoparticles uniformly dispersed throughout the nanofibers. Simultaneously, the surface‐residing Ni~3~Co nanoparticles also served as nanocatalysts for the in situ growth of carbon nanotubes from the nanofiber surface, resulting in the formation of hierarchical branch‐like architectures constructed by Ni~3~Co nanoparticle encapsulated carbon‐nanotube‐grafted nanofibers. It is worth mentioning that the in situ growth manner of Ni~3~Co nanoparticles and carbon nanotubes on the nanofibers can greatly strengthen the connection between active sites and substrate, which is beneficial for charge transport and also prevents the detachment of active sites.

![Schematic illustration of the fabrication procedure of the Ni~1.5~Co~0.5~ @ N‐C NT/NFs.](ADVS-7-1902371-g001){#advs1470-fig-0001}

As disclosed by the SEM images shown **Figure** [**2**](#advs1470-fig-0002){ref-type="fig"}a--c, the as‐fabricated Ni~1.5~Co~0.5~ @ N‐C NT/NFs perfectly inherit the fibrous morphology yet with a relatively rough surface and shrunk diameter of ≈150 nm. A closer observation demonstrates that the hierarchical Ni~1.5~Co~0.5~ @ N‐C NT/NFs are decorated by numerous uniform Ni~3~Co nanoparticles and wrapped with plenty of flexible carbon nanotubes, featuring as hierarchically branched architectures. It is noteworthy that the carbon nanotubes seamlessly rooted in the nanofiber backbones serve not only as spacers to effectively prevent the agglomeration of carbon nanofibers, but also as current collectors to improve charge transfer. Therefore, such nanotube/nanofiber integrated structure is favorable for mass diffusion/electron transfer and permeation of electrolyte during the electrocatalysis process. Transmission electron microscopy (TEM) images (Figure [2](#advs1470-fig-0002){ref-type="fig"}d,e) further verify that a mass of Ni~3~Co nanoparticles with an average grain size of 15.2 nm (Figure S2, Supporting Information) are evenly dispersed in the hierarchically branched Ni~1.5~Co~0.5~ @ N‐C NT/NFs. The immobilization of Ni~3~Co nanoparticles in nanofiber matrix not only prevents the metal nanoparticles from detachment, migration, and self‐aggregation, but also enhances the conductivity of the obtained nanohybrids. Additionally, the embedded Ni~3~Co nanoparticles may exhibit high corrosion resistance in a harsh electrolyte due to the carbon protection. The TEM images also display a great number of nanotubes germinating from the nanofiber support, forming accessible gaps between the nanotube tentacles, and thus significantly increasing the surface area. A magnified TEM image (Figure [2](#advs1470-fig-0002){ref-type="fig"}f) shows that the Ni~3~Co nanoparticles are encased into the top of carbon nanotubes, suggesting a tip‐growth mechanism.[36](#advs1470-bib-0036){ref-type="ref"}, [37](#advs1470-bib-0037){ref-type="ref"} The carbon nanotubes have outer diameters in the range of 10--20 nm and inner diameters around 5 nm, demonstrating a multi‐walled feature. The high‐resolution TEM (HRTEM) image (Figure [2](#advs1470-fig-0002){ref-type="fig"}g) further verifies the highly graphitized multi‐walled carbon nanotubes with an interlayer spacing of 0.36 nm, corresponding to the (002) reflection of graphitic carbon. Notably, the orientation of graphitic carbon layers is not parallel to the axial direction of nanotube, providing more defects and edges in the carbon nanotubes.[38](#advs1470-bib-0038){ref-type="ref"} The HRTEM image of the Ni~3~Co nanoparticle (Figure [2](#advs1470-fig-0002){ref-type="fig"}h) exhibits the well‐resolved fringe spacing of 0.206 nm, ascribing to (111) plane of Ni~3~Co alloy. The elemental mapping analysis (Figure [2](#advs1470-fig-0002){ref-type="fig"}i) suggests the coexistence and homogenous distribution of Ni, Co, N, and C within the entire hierarchically branched structure.

![Morphological examination of the as‐obtained Ni~1.5~Co~0.5~ @ N‐C NT/NFs. a--c) SEM images, d--f) TEM images, g--h) HRTEM images, and i) HADDF‐STEM image and elemental mapping images.](ADVS-7-1902371-g002){#advs1470-fig-0002}

As exhibited in the X‐ray diffraction (XRD) pattern in **Figure** [**3**](#advs1470-fig-0003){ref-type="fig"}a, three prominent diffraction peaks positioned at 44.3^o^, 51.6^o^, and 76.1^o^ can be well indexed to the (111), (200), and (220) facets of face‐centered cubic Ni~3~Co (JCPDS No. 01‐074‐5694), respectively. The broad and inconspicuous peak located at ≈26° can be ascribed to the (002) plane of graphitic carbon. Energy‐dispersive X‐ray (EDX) spectrum shown in Figure [3](#advs1470-fig-0003){ref-type="fig"}b suggests that the atomic ratio of Ni/Co in the obtained Ni~1.5~Co~0.5~ @ N‐C NT/NFs is determined as 74.07:25.93, being in consistence with the feeding molar ratio (Ni/Co = 3/1). The graphitization feature of carbon in the Ni~1.5~Co~0.5~ @ N‐C NT/NF sample is investigated by Raman spectrum (Figure [3](#advs1470-fig-0003){ref-type="fig"}c). Two distinctive peaks centered at 1347 and 1594 cm^−1^ correspond to D band (disordered or defect carbon) and G band (graphitized sp^2^ carbon), respectively. The relative peak intensity ratio (*I* ~D~/*I* ~G~) is calculated to be 0.96, signifying a high graphitization degree of the carbon support and thus an excellent electronic conductivity of the nanohybrid. According to the thermogravimetric analysis (TGA) curve in Figure [3](#advs1470-fig-0003){ref-type="fig"}d, the weight percentage of Ni~3~Co nanoparticles in the resultant Ni~1.5~Co~0.5~ @ N‐C NT/NFs is determined to be 40%. The textural property and pore feature of the Ni~1.5~Co~0.5~ @ N‐C NT/NFs were characterized by N~2~ sorption measurement. As displayed in Figure [3](#advs1470-fig-0003){ref-type="fig"}e, the isotherms for Ni~1.5~Co~0.5~ @ N‐C NT/NFs can be categorized as type‐IV with a distinct hysteresis loop located in the relative pressure (*p*/*p* ~0~) range of 0.4--0.9, implying the *meso*‐porous feature of the formed Ni~1.5~Co~0.5~ @ N‐C NT/NFs. Furthermore, the steep uptake of N~2~ at low relative pressure (0--0.015) suggests the existence of micropores, which are caused by the decomposition of the polymer nanofibers during the pyrolysis process. Therefore, the coexistence of micropores and *meso*‐pores endows the Ni~1.5~Co~0.5~  @  N‐C NT/NF sample with a high Brunauer--Emmett--Teller surface area of 425.8 m^2^ g^−1^, which is significantly higher than those of previously reported electrospinning‐derived 1D nanomaterials.[39](#advs1470-bib-0039){ref-type="ref"}, [40](#advs1470-bib-0040){ref-type="ref"}, [41](#advs1470-bib-0041){ref-type="ref"}, [42](#advs1470-bib-0042){ref-type="ref"} The pore‐size distribution curve (Figure [3](#advs1470-fig-0003){ref-type="fig"}f) suggests the average pore size in Ni~1.5~Co~0.5~  @  N‐C NT/NFs is ≈3.9 nm, which agrees well with the aforementioned N~2~ isotherms.

![Compositional characterization of the fabricated Ni~1.5~Co~0.5~ @ N‐C NT/NFs. a) XRD pattern, b) EDX spectrum, c) Raman spectrum, d) TGA curve, e) N~2~ adsorption--desorption isotherms, and f) the pore‐size distribution curve.](ADVS-7-1902371-g003){#advs1470-fig-0003}

The surface chemistry and valence state of each constituent element in Ni~1.5~Co~0.5~  @  N‐C NT/NFs are examined by X‐ray photoelectron spectroscopy (XPS) technique. As disclosed by the XPS survey spectrum (**Figure** [**4**](#advs1470-fig-0004){ref-type="fig"}a), Ni, Co, C, N, and O can be detected on the surface of Ni~1.5~Co~0.5~  @  N‐C NT/NFs. The N element originates from the pyrolysis of PVP, and O element stems from the surface oxygen‐containing functional groups. The high‐resolution Ni 2p spectrum (Figure [4](#advs1470-fig-0004){ref-type="fig"}b) exhibits two predominant peaks located at ≈852.7 and 870.0 eV, which correspond to zero‐valence state metallic Ni. The relatively weak peaks positioned at 855.8 and 873.6 eV can be ascribed to Ni^2+^ 2p~3/2~ and Ni^2+^ 2p~1/2~, respectively, due to the partial oxidation of the sample exposed to air. It is noteworthy that the Ni^2+^ species can serve as active sites for water dissociation involved in the HER process in an alkaline medium.[43](#advs1470-bib-0043){ref-type="ref"} Likewise, the high‐resolution Co 2p spectrum (Figure [4](#advs1470-fig-0004){ref-type="fig"}c) can be well deconvoluted into metallic Co (778.4 and 794.5 eV) and Co^2+^ (783.0 and 802.2 eV). The high‐resolution C 1s spectrum (Figure [4](#advs1470-fig-0004){ref-type="fig"}d) can be well fitted into three peaks located at 284.4, 285.3, and 289.1 eV, which are assigned to C---C, C---N, and C=O, respectively. The high‐resolution spectrum of O 1s (Figure [4](#advs1470-fig-0004){ref-type="fig"}e) reveals the presence of metal---O bond (531.3 eV), O---C---O (532.4 eV), and C---OH (533.8 eV). For high‐resolution N 1s spectrum (Figure [4](#advs1470-fig-0004){ref-type="fig"}f), the four well‐fitted peaks correspond to pyridinic‐N (398.4 eV), pyrrolic‐N (400.3 eV), graphitic‐N (401.0 eV), and oxidized‐N (403.9 eV), respectively. The successful incorporation of N atoms into the formed Ni~1.5~Co~0.5~  @  N‐C NT/NFs could modulate the local electronic structure, enhance the electrical conductivity, and create abundant defects/vacancies, which is favorable to improve the electrocatalytic performance.[44](#advs1470-bib-0044){ref-type="ref"}

![a) Typical XPS survey spectrum and b--f) high‐resolution spectra for the Ni 2p (b), Co 2p (c), C 1s (d), O 1s (e), and N 1s (f) regions of the resultant Ni~1.5~Co~0.5~ @ N‐C NT/NFs sample.](ADVS-7-1902371-g004){#advs1470-fig-0004}

It is noticeable that the synthetic parameters, including pyrolysis temperature, feeding ratio, and amount of metal precursors, exert considerable influence on the structural feature and composition of the resultant products. For the standard synthesis of Ni~1.5~Co~0.5~  @  N‐C NT/NF sample, the pyrolysis temperature is deliberately set at 700 °C, and the Ni^2+^ and Co^2+^ sources are fixed as 1.5 and 0.5 mmol, respectively. When the pyrolysis temperature is lowered to 600 °C while the other synthetic parameters keep unchanged, only very sparse carbon nanotubes can be occasionally observed from the surface of the nanoparticle‐embedded carbon nanofibers (Figure S3a,b, Supporting Information). The increment of pyrolysis temperature to 650 °C leads to the lush in situ growth of carbon nanotubes on the surface of nanoparticle‐embedded carbon nanofibers (Figure S3c,d, Supporting Information). However, the distribution density and aspect ratio of the generated carbon nanotubes are remarkably less than those observed on the counterpart obtained in 700 °C (Figure [2](#advs1470-fig-0002){ref-type="fig"}). As the pyrolysis temperature is further raised to 750 °C, the Ni~3~Co nanoparticles suffer from a serious agglomeration and thus loss the catalytic capability toward the growth of carbon nanotubes, leading to the formation of fragmented nanofibers embedded with coarsened Ni~3~Co nanoparticles (Figure S3e,f, Supporting Information). Therefore, the calcination temperature of 700 °C represents the optimal temperature to achieve the nanotube/nanofiber integrated hierarchically branched architectures. Keeping the total amount of metal precursors at 2.0 mmol yet varying their feeding ratios also dramatically changes the morphology of the fabricated products. When only 2.0 mmol of Ni(NO~3~)~2~ is involved as the sole metal precursor, some slim carbon nanotubes sprout from the Ni nanoparticle‐embedded carbon nanofibers (denoted as Ni @ N‐C NT/NFs; Figure S4a--c, Supporting Information). While the only introduction of 2.0 mmol of Co(NO~3~)~2~ results in the generation of Co nanoparticle‐embedded nanofibers (abbreviated as Co @ N‐CNFs; Figure S4d--f, Supporting Information). Additionally, metal precursors containing either 0.5 mmol of Ni^2+^/1.5 mmol of Co^2+^ or 1.0 mmol of Ni^2+^/1.0 mmol of Co^2+^ give rise to the formation of nanoparticle‐embedded carbon nanofibers without the decoration of carbon nanotubes (denoted as Ni~0.5~Co~1.5~  @  N‐CNFs and Ni~1.0~Co~1.0~  @  N‐CNFs, respectively; Figure S5, Supporting Information). As the total amount of metal precursors is decreased to 1.0 mmol of Ni^2+^/0.33 mmol of Co^2+^, the obtained product features as a the nanotube/nanofiber coupled hierarchically branched structure (denoted as Ni~1.0~Co~0.33~  @  N‐C NT/NFs; Figure S6a,b, Supporting Information). However, the density of the surface carbon nanotubes is significantly less than that observed from the standard sample, due to the fewer growth sites for carbon nanotubes caused by the insufficient metal sources. On the contrary, the excessive feeding of metal sources of 2.0 mmol of Ni^2+^/0.67 mmol of Co^2+^ brings about the severely aggregated Ni~3~Co nanoparticle‐embedded nanofibers (denoted as Ni~2.0~Co~0.67~  @  N‐CNFs; Figure S6c,d, Supporting Information). Therefore, the optimal pyrolysis temperature, appropriate feeding ratio, and total amount of metal precursors are a prerequisite for the generation of Ni~3~Co nanoparticle‐encased nanotube/nanofiber integrated hierarchical architecture.

The encapsulation of uniform Ni~3~Co nanoparticles into N‐doped carbon nanotube/nanofiber integrated hierarchical architecture makes the as‐prepared Ni~1.5~Co~0.5~  @  N‐C NT/NFs promising as an earth‐abundant electrocatalyst. The electrocatalytic performance of the fabricated Ni~1.5~Co~0.5~  @  N‐C NT/NF catalyst for HER and OER was evaluated by recording linear sweep voltammetry (LSV) curves in 0.1 [m]{.smallcaps} KOH solution using a standard three‐electrode configuration. In order to highlight the superiority of the prepared Ni~1.5~Co~0.5~  @  N‐C NT/NFs, we first studied the HER and OER activities of a set of control samples, including various samples achieved at different pyrolysis temperature, feeding ratio, and total amount of metal precursors (Figures S3--S6, Supporting Information). Obviously, the pyrolysis temperature, feeding ratio, and total amount of metal precursors had a remarkable impact on the electrocatalytic performance. As displayed in Figure S7 (Supporting Information), the standard Ni~1.5~Co~0.5~  @  N‐C NT/NF sample exhibits the highest HER and OER activities among all control samples investigated herein, representing the most optimized catalyst due to the hierarchical branched structure and appropriate metal loading amount. Additionally, Ni @ N‐C NT/NFs, Co @ N‐CNFs, bare N‐doped carbon nanofibers (denoted as N‐CNFs; Figure S8, Supporting Information), and commercial noble metal‐based catalysts (20% Pt/C and RuO~2~) were also evaluated as references under the identical test condition. The ohmic potential drop (*iR*) losses were corrected, as shown in Figure S9 (Supporting Information). **Figure** [**5**](#advs1470-fig-0005){ref-type="fig"}a displays the typical *iR*‐corrected LSV curves of HER for different samples with a scan rate of 5 mV s^−1^. As expected, the commercial Pt/C catalyst exhibits the highest HER activity with a near‐zero onset potential versus reversible hydrogen electrode (RHE) and large current density, while the bare N‐CNFs show almost negligible HER activity. As compared with Ni @ N‐C NT/NFs and Co @ N‐CNFs, the Ni~1.5~Co~0.5~  @  N‐C NT/NF sample exhibits a fast‐rising cathodic current response with the increasing of applied negative potentials and thus delivers a remarkable HER activity, further emphasizing the superiority of hierarchically branched architecture and synergy between Ni and Co. As displayed in Figure [5](#advs1470-fig-0005){ref-type="fig"}b, the Ni~1.5~Co~0.5~  @  N‐C NT/NF catalyst requires an overpotential of 114 mV to afford a current density of 10 mA cm^−2^, which is higher than that of commercial Pt/C (46 mV) but much smaller than that of Ni @ N‐C NT/NFs (127 mV) or Co @ N‐CNFs (395 mV). Additional, Tafel plots (Figure [5](#advs1470-fig-0005){ref-type="fig"}c) were further adopted to investigate the HER kinetics of different catalysts and a small value of Tafel slope generally suggests favorable electrocatalytic kinetics. Unquestionably, the commercial Pt/C catalyst exhibits the lowest Tafel slope of 54 mV dec^−1^. The Tafel slope of standard Ni~1.5~Co~0.5~  @  N‐C NT/NFs is measured to be 117 mV dec^−1^, significantly lower than that of Ni @ N‐C NT/NFs (232 mV dec^−1^) or Co @ N‐CNFs (301 mV dec^−1^). The Tafel slope of Ni~1.5~Co~0.5~  @  N‐C NT/NFs also manifests that the HER process proceeds a Volmer--Heyrovsky pathway with the Volmer reaction as the rate‐determining step. Notably, the HER activity of current Ni~1.5~Co~0.5~  @  N‐C NT/NF catalyst is comparable or even superior to many other reported nonprecious catalysts in terms of small overpotential and low Tafel slope (Table S1, Supporting Information).

![Evaluation of HER performance of different samples in 0.1 [m]{.smallcaps} KOH solution. a) LSV polarization curves. b) Required overpotentials at a current density of 10 mA cm^−2^. c) Tafel plots. d) Capacitive current at 0.20 V as a function of scan rate. e) LSV curves of Ni~1.5~Co~0.5~ @ N‐C NT/NF sample before and after 1000 cycles. f) The chronoamperometric response of Ni~1.5~Co~0.5~ @ N‐C NT/NFs at an overpotential of 200 mV.](ADVS-7-1902371-g005){#advs1470-fig-0005}

As well documented, the electrochemically active surface area of nanocatalysts with similar compositions is linearly proportional to their electrochemical double‐layer capacitance (*C* ~dl~) values. Derived from cyclic voltammograms (CVs) with different scan rates from 20 to 100 mV s^−1^ within a nonfaradic potential region of 0.15--0.25 V in 0.1 [m]{.smallcaps} KOH solution (Figure S10, Supporting Information), the *C* ~dl~ value of 19.4 mF cm^−2^ on the standard Ni~1.5~Co~0.5~  @  N‐C NT/NFs is considerably higher than those on Ni @ N‐C NT/NFs (2.3 mF cm^−2^) or Co @ N‐CNFs (3.3 mF cm^−2^), as depicted in Figure [5](#advs1470-fig-0005){ref-type="fig"}d. The high *C* ~dl~ value of Ni~1.5~Co~0.5~  @  N‐C NT/NFs signifies the enriched exposure of active sites for HER. The stability of Ni~1.5~Co~0.5~  @  N‐C NT/NF sample was examined by continuous CV scanning in the potential range of −0.2--0.2 V for 1000 cycles and chronoamperometry test. After the cycling test, the catalyst exhibits an LSV curve almost overlapped with the initial one with negligible negative shift of overpotential (Figure [5](#advs1470-fig-0005){ref-type="fig"}e). Additionally, the *i*--*t* curve (Figure [5](#advs1470-fig-0005){ref-type="fig"}f) again verifies that the current density maintains quite stable even after a period of 45 000 s at a constant overpotential of 200 mV. Moreover, TEM image (Figure S11, Supporting Information) confirms that the characteristic nanotube/nanofiber integrated hierarchical architecture of Ni~1.5~Co~0.5~  @  N‐C NT/NFs is well preserved and Ni~3~Co nanoparticles are still firmly embedded within the carbon support after long‐term electrolysis, indicating their outstanding mechanical robustness.

The OER catalytic performance of the Ni~1.5~Co~0.5~  @  N‐C NT/NF sample was also appraised in 0.1 [m]{.smallcaps} O~2~‐saturated KOH solution. **Figure** [**6**](#advs1470-fig-0006){ref-type="fig"}a shows the LSV curves after *iR* compensation of different samples. The standard Ni~1.5~Co~0.5~  @  N‐C NT/NF sample affords the highest OER activity with the lowest overpotential of 243 mV to deliver a current density of 10 mA cm^−2^, while Ni @ N‐C NT/NFs, Co @ N‐CNFs, and commercial RuO~2~ catalyst require much larger overpotentials of 630, 436, and 351 mV, respectively (Figure [6](#advs1470-fig-0006){ref-type="fig"}b). Figure [6](#advs1470-fig-0006){ref-type="fig"}c illustrates that the Tafel slope of Ni~1.5~Co~0.5~  @  N‐C NT/NFs is determined to be 103 mV dec^−1^, which is smaller than those of Ni @ N‐C NT/NFs (156 mV dec^−1^) and Co @ N‐CNFs (105 mV dec^−1^), implying faster OER reaction kinetics. Although the commercial RuO~2~ catalyst exhibits a smaller Tafel slope of 67 mV dec^−1^, the overpotential on RuO~2~ catalyst is remarkably larger than that on Ni~1.5~Co~0.5~  @  N‐C NT/NFs (351 mV vs 243 mV) at a current density of 10 mA cm^−2^. The OER performance of Ni~1.5~Co~0.5~  @  N‐C NT/NFs also outperforms or can compete with previously reported noble metal‐free catalysts (Table S2, Supporting Information). The durability of the Ni~1.5~Co~0.5~  @  N‐C NT/NF catalyst toward the OER was further investigated by CV scanning in the potential range of 1.2--1.4 V for 1000 cycles and long‐term chronoamperometry test. As proved by the almost identical LSV plots before and after continuous 1000 cycles (Figure [6](#advs1470-fig-0006){ref-type="fig"}d), the Ni~1.5~Co~0.5~  @  N‐C NT/NFs demonstrate a superior electrochemical OER stability, which is again certified by the stable *i*--*t* curve (inset of Figure [6](#advs1470-fig-0006){ref-type="fig"}d) performed at 1.60 V versus RHE for 45 000 s. Moreover, TEM images (Figure S12, Supporting Information) indicate that the structural feature of Ni~1.5~Co~0.5~  @  N‐C NT/NFs can also be well retained after the stability test. Encouraged by the outstanding HER and OER activities of the standard Ni~1.5~Co~0.5~  @  N‐C NT/NF catalyst, we then equipped a two‐electrode electrolyzer using Ni~1.5~Co~0.5~  @  N‐C NT/NF as a bifunctional catalyst to examine its overall water splitting performance in 1.0 [m]{.smallcaps} KOH electrolyte (inset of Figure [6](#advs1470-fig-0006){ref-type="fig"}e). The Ni~1.5~Co~0.5~  @  N‐C NT/NF catalyst exhibits an impressive water splitting performance with a cell voltage of only 1.57 V to deliver a current density of 10 mA cm^−2^, exceeding most of the reported nonprecious metal bifunctional catalysts (Table S3, Supporting Information). A great number of gas bubbles of H~2~ and O~2~ can be appreciably produced from the cathode and anode, respectively, as the applied potential increases (inset of Figure [6](#advs1470-fig-0006){ref-type="fig"}e). Moreover, the Ni~1.5~Co~0.5~  @  N‐C NT/NF‐assembled electrolyzer maintains a pretty stable current density for 27 h at a constant applied potential of 1.57 V (Figure [6](#advs1470-fig-0006){ref-type="fig"}f), revealing the extraordinary stability of the Ni~1.5~Co~0.5~  @  N‐C NT/NF catalyst toward overall water splitting. As evidenced by the TEM images (Figure S13a,b, Supporting Information), the 1D/1D integrated hierarchical structure of the catalyst after the long‐term stability test could be well retained and Ni~3~Co nanoparticles are well dispersed thanks to the immobilization effect of carbon scaffold. The HRTEM image (Figure S13c, Supporting Information) of an individual Ni~3~Co nanoparticle further confirms that nanoparticles are firmly dispersed within the carbon matrix. The HRTEM images (Figure S13d--f, Supporting Information) of a single carbon nanotube display that the highly graphitized multi‐walled carbon nanotube still roots in the carbon nanofiber substrate. All these results unambiguously affirm the mechanical stability of the obtained Ni~1.5~Co~0.5~  @  N‐C NT/NFs after long‐term stability test. Furthermore, XPS was utilized to characterize the surface chemistry of the catalyst after stability test. The high‐resolution Ni 2p spectrum (Figure S14a, Supporting Information) suggests the generation of Ni^3+^ species, and the Co 2p spectrum (Figure S14b, Supporting Information) demonstrates the presence of Co^2+^ species after the stability test. These results suggest that the surface of the catalyst is partially oxidized during the long‐term electrolysis process. The outstanding activity and durability make the Ni~1.5~Co~0.5~  @  N‐C NT/NF catalyst a potential alternative to precious electrocatalysts for cost‐effective and energy‐efficient water splitting.

![Comparison of electrocatalytic OER performance of different samples. a) LSV polarization curves. b) Required overpotentials at a current density of 10 mA cm^−2^. c) Tafel plots. d) LSV curves of Ni~1.5~Co~0.5~ @ N‐C NT/NFs before and after 1000 cycles and the inset shows the *i*--*t* curve at a potential of 1.6 V. e) Polarization curve of Ni~1.5~Co~0.5~ @ N‐C NT/NFs for overall water splitting in 1.0 [m]{.smallcaps} KOH and the inset shows the H~2~ and O~2~ evolution during the electrolysis process. f) Chronoamperometry measurement of Ni~1.5~Co~0.5~ @ N‐C NT/NFs for overall water splitting at a voltage of 1.57 V.](ADVS-7-1902371-g006){#advs1470-fig-0006}

The extraordinary electrocatalytic activity and stability of the fabricated Ni~1.5~Co~0.5~  @  N‐C NT/NF catalyst can be mainly ascribed to the elaborate architectural superiority and compositional synergy. (1) The firm immobilization of Ni~3~Co nanoparticles into graphitic carbon matrix can effectively prevent the nanoparticles from undesirable aggregation, chemical leaching, and detachment during the electrocatalytic process, ensuring the excellent mechanical stability.[45](#advs1470-bib-0045){ref-type="ref"} (2) As a conductive current collector, the integrated N‐C NT/NF hierarchical branched architecture provides a facilitated electron highway, accelerating the electron transfer during the catalytic process. Additionally, such branched structure with more exposure of active sites is beneficial for the penetration of electrolyte and release of generated H~2~ and O~2~ bubbles during the electrolysis. (3) The incorporation of N dopant into carbon matrix may modulate the electronic structure of neighboring carbon, which can effectively tune the adsorption free energy of the H atom and also facilitate the water oxidation process.[46](#advs1470-bib-0046){ref-type="ref"} Moreover, the N doping into carbon matrix can create additional active sites and improve chemical and thermal stability. (4) The synergistic effect between Ni and Co in the formed Ni~3~Co alloy might modulate the electronic structure of the active sites and thus alter the chemisorption energies of reaction intermediates, affording an optimal catalytic activity.[47](#advs1470-bib-0047){ref-type="ref"}, [48](#advs1470-bib-0048){ref-type="ref"} All in all, thanks to the aforementioned architectural and compositional advantageous features, the Ni~1.5~Co~0.5~ @ N‐C NT/NF catalyst is demonstrated as an exceptional bifunctional electrocatalyst toward the overall water splitting.

In conclusion, we have elaborately designed a hierarchical branched architecture composed of uniform Ni~3~Co alloyed nanoparticles immobilized in in situ formed N‐doped carbon‐nanotube‐grafted nanofibers through a feasible and scalable electrospinning--pyrolysis strategy. The intimate integration of Ni~3~Co alloyed nanoparticles, N‐doped CNTs, and N‐doped CNFs into hierarchical branched structure endows the optimized Ni~1.5~Co~0.5~ @ N‐C NT/NF catalyst with enriched active sites, favorable electron configuration, and facilitated diffusion kinetics. As such, the formed Ni~1.5~Co~0.5~ @ N‐C NT/NF catalyst exhibits extraordinary performance for both HER and OER, which is corroborated by the low overpotentials of 114 and 243 mV at a current density of 10 mA cm^−2^, respectively, under alkaline condition. When used as a bifunctional electrocatalyst for overall water splitting, the constructed two‐electrode electrolyzer only requires a cell voltage of 1.57 V to afford a current density of 10 mA cm^−2^, outperforming most of the previously reported nonprecious metal bifunctional catalysts. It also displays remarkable stability after a continuous operation for 27 h without noticeable attenuation. This work may shed new insight into the rational design and facile fabrication of high‐efficiency transition‐metal‐based bifunctional electrocatalysts as promising alternatives for low‐cost and large‐scale water electrolysis.
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